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Summary
.
.
Thisreport,thethirdofa seriesof four,describesa !
simplesystemfcrdesigningpropellersofa standardfem. . _.!t
In thisreport,thesystemisEasedon testsofa familyof
model propellersof standardi%.vyform,thedatafromwhich
meansof calculationsto coverthecon-
be foundinpractice.However,it can -:
fanilyhavingpropellersof one.general
havebeenextendedby
pleterangelikelyto
be workedoutforany
form. Thissystemcanalsobe appliedas givento propellers
of differentfcrmsby meansof fom factors.Modifications
aremadeforfullscaleflightcond~tions,i.e.,theparticular
tipspeedof thepropeller,andbodyor fuselageintcrfcrc~ce.
introduction
Thefullbladeelementtheoryis not sonvcnientfortie’
designingofpropellers.’Itsuse involvesa ~reatdealof —
calculation.Furthermore,itmerelyanalyzesthecharacteris–
ticsofa gropcllerfo~a givensetof con~itiohebutdoesnot
Cicsignoncto fitcertainrequirements.Ifa standardfom of
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propelleris to be designed,it ismuchmoreconveniento con- _..:.
siderthecharacteristicsof thepropelleras a whole. These .
canbe plottedin t~lefoimof curvescoveringthefull.rangeof ~
propellerslikelytobe used.
Themodelpropellertestsqon whichthissystemisbased
aredescribedinN.A.C*A.TechnicalReportNo.237,entitled ,
llTestson ThirteenNavy TypeYodelpropellers,’lby W* ‘“ ‘Urand” -
A familyof onlythirteenNavymodelswastested,whichneces– 4
sarilycoveredbuta small“portionof thewholerangeofpro- .-
pellersof thisform. In orderto coverall extrerilesofpitch
ratio,aspectratio,and thicknessor camberratiolikelyto
be neededinpractice,theoriginalfanilywasextendedby ‘
meansof calculationswiththebladeelementtheoryaccordi-ng
to tune’methoddescribedini~.A.C.A.TechnicalNoteNo.236.
Thisextendedfanilywasthenusedas the“oasis fromwhichthe
maindcsiagncurvesweredrawn.
It isbelievedthatthepowersabsorbedky standa~dwood
propellersc~.nbe calculatedmoreaccuratelythanthehorse-
powersof scxviceeng.i~escanbe determinesinflight,wt.ich —
is within4 or 5 percent.
UseoftiodelDam inDesign
Tr:clcI containsa listof symbolsusedin thef;llowi.n&
discussion.
Thedata.providedthepropellerdesignerare thehorse?owcr
..
?T.3..C A.Technical
of thionginc,the
shaft,‘andtheair
requiredpcrformnnceof thepropellerwithitscombinationof
,..
airplaneandengine.A non-dimensionalcoefficientinvolving
_ Thisrelationis developodintheabOVcfaCtOrSiS J P n2
N.A.C..A~TechnicalReportHo.186(Reference1). It is called
thespeed-povercoefficientanddesignatedby Ks. Inengineer-
ingunitsandwiththevalueof p’:fdr”dtandardconditions, ‘-
A nomogramforthe.
Fig.8.
l
the
the
Vr.luesof KS
relation,
t Theoperating
.
air speed;the
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revolutionsperminuteof thepropeller
speedof theairplane.Thesecomprisethe
,
Thesoareput into
‘,_Y
solutionof thisequationwillbe foundin
canbe foundforthemodeltestdatatmm
.,.
/
v=
KS = k)
;“
conditionsOf anypropeI.lcra c governedby
revolutions,and thepropellerdiameter.
anotherdimensionlesscoefficientsoaetiy.cs
calledtheslipfunction,or ‘v/PD. Expressedin engin:oring
‘V/nD becomes!38X M.P.F:.units, ND “
If tl:cnominalslipof a prcpellcris designatedby s,
Jr_
l-s=~=$.
.
Forbothpui’posesof &esign~ndLanalysis it hasbem fomd
‘b
r-w
.
.
.
l
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mostconvenientouse curvesof constant1 - s plotted‘:$th
V/nD as ordinatesand KS as abscissas.A seriesof such
curvescr.nbe plottedon onesheetforpropellersofvarying
P/D.,ratio,but of constantAR and CR. Ifa separato grc’.@
is dram foreachcombinationof AR and
quircdbccoacsexcessive.It istherefore
a singleseriesof constantAR and CR,
for AR cnd CR in twoothercharts.
Thespeedpowc”rcoefficientsforthis
CR, thenumberrc-
advisableto ckd-rt
Andgivecorrections
basicseries~ith
AR = 6 ?.ndCR= 1 obtainedfromtheextendedmodeltestdata
arc calledKstl Fig.1 isa chartof KS! and V/nD for ,
constr.ntv~.lucsof 1 - s. It isplottedcn spccicllog?.rit-h-
mic 6G1CS forconver.ticnce.Thevariationsof KS from Ksr
fordifferentaspectratiosand@.mberratiosare cl.mrtedin
Fig.2 andFig.3, respectively.Thesethreesetsof curves
arc t’hcacindesignandanalysistoolsof thisSystem”
TheefficiencyCU?WCSfor thebasicseriesof AR= 6
znd CR= 1 r-regiveninFig.4. Correctionsto thiseffici-
encyfcrotheraspectand camberratiosare inFigs.!5and6.
Theuso of thecurvesisdescribed-inthenextsection.
ProcedureinAnalyzingthePerformanceofa Propeller
Theanalysisof standardM.VYpropellersismaderelative
ly simpleinTable12.Thepropellernameornumber,airplane,
engine,3.?.::.,Y.P.H., di~meter,Pitch,‘R,and CR areOk-
.-
=
—
—— ——
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.
taincdfromthetestdcctand thepxopcllcrflrawiag.If the
‘r! braken~rseqowcris notgivenintheteGtdata,it canbc cb-
tainedfairlyaccuratelyfrcmfull”throttlepowercurvm for -
.
.
.
b
.
thetypeof engineused. The P/i),V/nD, and 1 - s, are
.
thenc:.lculatedas shownon theform,and thespeedpow~~Cocf- .,
ficientKsl, is obtainedfromFig.1. Thisisnotnecessa~ily
the Ks fortheexactpropellerbeinganalyzed,andmustbe
nodificdfor AR and CR. Tke AR correctionis fouiidin
i?ig.2, fro~.a simplecurve. The CR correctionissoacvhat
morecomplicated,ependingon theslip,the P/D, nndthe
CR (Fig.3). Firstthe 1 - s is locatedon theleft-hand
scaleandrunovertothepointwhereit intersectstheproper
.—
,
P?D. FYcmthispointa verticallineis runto the CR curve
* and ti~correctionfactori-aroadon thescaleto theright.
Thecorrectedspeedpowercoefficientforthepropelleris
..
then Ks = KslX AR cor.X CR cor.
* Thetorquehorsepoweris thenfoundfromthenomogramof
thespeedpowercoefficient,equationinFig.8. A straight .
.
edgeis runthroughKs and l&*P.H,-to t% referenceltne.
.
It is tiieriD fromthepointof intersectionon thereference -
, linethroughtheR.P.li.and thepointwhereit crossestbc5Z.
scalegivestherequiredQ.HP.
Theformfactorisa correctiontobe appliedin cases
.*.
wherepropellersno%conformingto.thestandardareused. For
‘.L
=WndaxdNzwywoodpropellersthisisalwaysunityandzmybe
.
..—
‘4 \
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l
.
.
.
.
.
t
.
,
*
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disrcemrdd.Fcrotherpropellersit dependson theplanforr,,
canberratiocurve,andthedistrihutionof thepitchalongthe
radius,TheQ.EP.rmltipliedby thef~rnfzctoriscallccltile
calculatedHP..crC,EIF~In thecasecf stz”.ndardNavyprcpcl-
lers,thisiscf coursothesaneas theQ.HP!
U-rU.CSSth-eanalysishasbeenr.cdcfora nodolpropeller
T;ithoutbodycr fuselageintorfc?ronce,the‘orakehorsepoverof
theengines%muldbc gr~ntcrthm theoal~latedhorscpo~erby
an %~lountdcpendingon t-hetipspeed,thebodyiritcrferenc,
and thedistortionof thepropellerbladesinaction.The<is-
tortionis consideredsnailiristandard
The gr~-.tcstp~rtcf thisdiifcrcncein
dueto a scaleeffectnhitivarieswith
Navywoodpropellers.
poworis t:loughttobe
thetipspeed.kl ac—
countof thisscaleeffectis giveninh;..;.G. ;.TechnicalEotc
No. 225 (Rcfcrcnce2). Th.cdataas usedfortiesign?.ndanal*y–
sisworkc.regiveninFig.7, Ther~tioofE1.EP./C,3P.-found
in ther.nalysi snould
tipspeedin Fig.7.
The efficicncyis
correspondtc thfft givenfoz
fcundby xeansof Figs.4, 5,
carrcctcdefficiencybeingtheproductof thethree
theprcpcr
cm.d5, the
v~”lues.
TCncnpropellersof etherthanstandardNavyformarcanal-
yzed,it issouctincsnecessarytousethecmplctcbl~.dclc-
ncnttheory.If thisisusedwiththesectioncharactc~istics
,..4.C A. TeclunicalNoteNo.235,thercs’lltsskculdhegiveninIT
-.
.-
:
—
thes~ncas ifa nodclof thepropellerweretestedina vind
v
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tunnel.Hovever,if thepropellerbe builtofwoodalongcon- L
vcntionalines,andwith.approximatelyuniformpitch,thenetl+
od of cnalysisin TableIicanbe usedwithfairaccuracy.in
thatcasethepitch,AR,and CR arebasedon thesectionat
75 porcentradius,andareapproxhate average
propeller.
~ln.cxanple ofa standardmx%lysis is shovm
ProcedureinDesi.minga Propeller
Tc.bloI13isusedforfollowingthroughthe
ardNavypropellers.
Thefollcvi-ingformation
1.
2.
3.
4.
5.
6.
AirplaneandPurpose.
Engine.
valuesforthe
in.Ta.-olc11.
,
designof stand:
..
RatedHP.at atioveR.P.LL
Revolutionsperminute.
shouldbe furnishedthedesigner:
Speedofadvanceforwhich”propelleris tobe designed.
‘Jaximumallowablepropellerdiameter.“
Thefirststepin thedesignis to determinetheapproxi-
matediameter.Thisisnecessaryin orderto obtainthea>
proximatetipspeeduponwhichttieB.HP./C.EP.factordepends,
,
—
andapproximate1 - s and P/iiuponwhichthe CR correc-
,N--t.C-A.TechnicalHoteHo-237 8 ——
‘Yzl!zI”The solution of thisis facilitatedby “Y
uGe of thenomograminFig.9, whichalsogivesvaJue6Gf ::_:
..-
constantK forvariousconditions.Itmay,however,be
preferableto judge
propc~leroperating
If themaximum
thediameterby comparisonwithsomeknowm :
undersimilarconditions.
allowablediameteris lessthantheapprox-
imatevalue,theformeris takenas thefinaldiameter,anda
slightlydifferentmethodof procedureis followed,whichis
. explained
Kitin
.
V/nI),or
the P/D
depending
propeller
T
<
.
.
i
.
.
‘. Id
‘b
later.
theapproximatedianeterestablished,theapproximate
8S X hf.P.H. .
m
is found. Thisisusedto determine
,inFig.10. The P/E willvarya considerableamount
on whethera highspeed,climbing,or generalse~ice
is desired.In enteringthecurvesinFig.10,the
V/nD shouldbe modifiedaccordingto
on thesheet. Themason forthisis
t~ickpropellersisgreaterthanthat
as theatigleof no lift.fozthick
thecamberratioas noted
t-hathedynamicpitchof .._
of thinpropellers,just
ainfoilsectionsislessthan
thatforthinsections.Thethinsectionshavetheirbest ~/1-J“’”-$
at a largerangleofattack,andthethinsectionpropellers
workat theirmximum efficiencyat higherslips.
WiththeapproximateP/D selected,1 - s is foundfrom
therelation
+
l-s+?
.
.
s#
11.Ji.C.A.
,*
,*
v= The
fCmndby
TechnicalNoteHo.237 s
approximatetipspeedin t’heplaneof rotationist:~cn
meansof theequation
.
Tipspeed= nnD = .0524NT.
—
.
,
.
.
.
.+
u
‘-L
Thisvalueisusedin Fig.7 tofindtheratioofbrake
horsepowerto calculatedhorsepower,modificationof theratio
—
beingmadeforbodyinterference.
.
—
The formfactoris‘~~ityforNavystandardwoodpropcll~>s.
Forotherpropellers,itdependson theplanform,thecamber
ratiocurve,andthe distributicnof pitchalongtheradius.
Theformfactormayb.efoundforanypropellerof specials’lmp’e
by comparingitspoweras foundbyweansof thobladeelement
theorywiththatabsorbedby a propellerof standardformopcr-
—-
atinguniicrthesameconditions.
. .-
TheQ.H?. is givenby therelation
Q.HP.= Formfacto:’%wcm’.
and thisvalueisusedin thenomogramof Fig.8 to solvefor
Ks> thespeed-powercoefficient.
Nomally,if tbcClimeterisnotliaitedand iftherearc
no strengthlimitations,it isusuallydesirahlcto designpro-
pellersvith AR = 6 md CR = 1. If t:hc?-i~.:.ctcr islti~itcd}._
itniybe ncccssaryto docrcascthe AR CT increasethe CR.,
or ‘a~th.Thisnecessarilyentailsa decreasei~thoefficiency.
stre:~gt’~I.kitationsnay P.lSOrcquim wideningand thickening
___%’/!
,. .
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,
.
.
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.
.
.
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# theblade,sc.metimesevennoccseitatinga c-~-.ngein thecmkbcr
b,
ratiodistribution.
The AR and CR havingbeenchosen,thecorrections
foundfrm.Figs.2 and5. The speedpowercoefficientfor
‘oasicseriespropeller(AR= 6 and CR= 1) opcratingat
samevaluesofM..P8H., N, D, and P, is thenfoundfron
*
.
eqmtion
&l = Ks
AR correctionX CR correction
With Kst and l-s known,therealvalueof
foundfromFig.1. .
Thediameteris thendetermined theequation
.
v/nD
[m 63
the
is
4- If thisdianeteris within5 per centof theapproximate
diameter,itmaybe consideredas final. If thedifferenceis
, mare than5 pcr cent,or if extrmeaccuracyis desired,thecal-
culationshouldbe repeated,usingthecalculateddia_mcteras
thea~roxinatevalueinthesecondcomputation.
The P/D andpitcharefoundfron 1 - 6 and thefi~l
V/nD.
.
ConsideringthecasewherethedLia~leteris IiUitsd,it is
fixedto startwith,andme solutiononlyis required,The
finalvalueof V/nD isfixedat thebeginning,as is thetip
‘-L
speed.Thesamestepsare takenas in theprevio~scaseup to
‘ ?fi
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and includingthesolutionof KS inFig.8. Then K~t is
foundfronFig.1,usingthevaluesof V/nD and 1 : s.
The AR and GR nustmakeup thedifferencebetv~cn
Ks and K~t as determinedby thexelation
&AR correctionX CR correction= --,
Thisdifferencemaybe
the AR or increasingthe
Ks‘
compensatedfcrby eitherdecreasing
Ca, therebeinglittlechoiceuntil
AR = 5 or CR= 1.2 is reached.It isnotusuallydesirable “-
to designtwo-bladedpropellerswithaspectratiosof lessthan ““
4.5or 5,or four-bladedpropellerswithaspectratiosgreater
t-banabout3.5. As thxee-bladedwoodenpropellersarenot
. practicahlc,tonakcor har.die,the CR shouldbe so chosen
.
thataspectratiosof 3.5to 4.5or 5.0 @n be avoided.With
:-
.
.
.
.
a
.-
thcselectionof tho AR and CR thedesignis conpletcd.
An cxnple ofa standardpropelfi~-dcs>~is givenin
‘-
Table11:. .
been
Conclusions
Thenethodofpropellerdesigndesczibedin thisnotohas
usedvithverysatisfactoryresultsin theBureauofAero-
na-utics,EavyDcpartnent.Withitsuse thetinerequiredfor
designinga standardpropellerhasbeenreducedtoa ninimm.
Thisisheoausethecharacteristicsofpropellersas a whole
are consideredinsteadof thepropertiesof theirvarioussec-
*.
.
.
.
.=%
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tions.Thesystouis shove th ~vc22.geinaccuracyducto the
..—
cp.ntitycf te~tdataatiailablcon standardNavyPropellers.
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TABLEI.
Ex~lanationofTcrms
D - Diar.eterofgropellerin feet.
P - GeometricalPitch.Distancepropellermilladvancein one
revolutionwithoutslip,in feet. Uniformpitchindi-
catessamepitchat allradii.
R n- TipRadiusin feet= ~.
r - Radiusof any sectionofpropellerin feet.
c - Maxiuunbladewidthin feet.
b“ - Bladewidthat any
AR - AspectR2tio. For
ing, AR = D/C5.
sectionin feet.
thewholepropelleras usedinde8i,~-
For orleblade,as us@ in stresscalcu-
lations,AR = R/c.
CR - CamberRatioof propellerbladeas a whole. This,istho
ratioof thethiolmessof theentirepropellerbla~eto ~
thatofa standardblade,thevariationof thickness
alongtheradiusbeingthesameforallblbdcs. (The
standardvariationof sectionthicknessratioalongthe
radiusis showninFig.11. A propellerhavingthis
.
distributionof thicknessratiois saidto havea canber
.-
ratioof 1. If thecurveis increasedby 10 percentat
everypoint,thecamberratio,or CR, is1.1.)
B - Numberofbladesinpropeller.
v- Velocityofairplaneinft./see.
.
—
.:
+
*,
* ?-
,
.
.
.
,
.
.
.
.
?.
1?.A.C..i.
L.?.1:9-
n-
N-
B.HP. -
Q.HP. -
C.HP. -
TethnicalHoteEo.237
TABLEI (Cent.)
Velocityofai~lane inm./hr-
Revolutionsofpropellerper secor.d.
Revolutionsofpropellerperminute.
Erakehorsepowerof engine. ,.
Torquehorsepower-
.
calculatedor equivalentmodel
horsepowerwithoutconsideringformfactor.
Calculatedhorsepowerconsideringformfactoz.This
Z4
—
—.
.
powerdiffersfromtheB~HP.by an amountdepending
on thetipspeed,fuselageinterference,ari.ii istor-
tionof thepropeller.
T.HP.- Thrusthorsepower-
q- Efficiency.
% - Xaxiii,lumuppercamberof section.
hL - lfaximumlowercamberof section.
h/b - Camberratioofany section.
% - Powercoefficientofpropeller.
where P = powerinft.lb./sec.
..—
. . . . . .
Ks - Speed-powerorperformancecoefficientof propellers.
%
‘m= m ~ -
ly~l_ Speed-powercoefficier.tforpropellersof AR= 6 and
CR= 1.
*. E.A.C.A.TechnicalNoteNo.237
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TABLEI (Cent.)
Xominalslip,basedon therelation1 - s = ~.
Hassdensityofair. Thismaybe takenas .00237for
sealevelandstandardatmosphere.
Tip speed–-Thedistancetraveledby thetipof thepropeller
inunittimein theplaneof rotation.
Tipspeed= nnD . .0524h~”ft./sec.
Rotation– A right-handpropellerturnscloc~iseanda lcft-
.
handpropellerturnscounterclockwisewhenviewed
froma pointin theslipstreamof thepropeller.
,.
,
.
.
.
.
AL
?*
..
.
l
.
.
.
?
,
,
.
.
.
.
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TAEL211.
StandardPropellerAnalysis
Propeller
Airplane
Engine
B.HP. (fronEnginedata)
R.P.ki.
U.P.H.
Eianeter
Pitchat
in feet “
75$rad.infeet
AR =
CR =
P/Z)
1-
Ks t
9.5E(ft.)
B X b(in.)at75%rad.
h
.107b for75$rad.
s x/E
‘@D
fromFig.1
AR correctionf~omFig.2
CR correctionfromFig.3
Ks = K~~X AR cor.x CR COZ’
.%.HP.fromFig.8
~Ormfactor,Fig.12
CcrrcctcdG.EP.or C.HP.
‘O.631
DT–4
?-2
545
1!330
112.2
10.0
6
6
1.1
l6O
CT..4G
.9C
1.1’7
1
.95
1.11
465
1
465
.
. Information
.
16
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.
+ StepsinAhalysis
.....C.L.TechnicalKotcKo.237‘T,%
0
*
3.HP*
C.:*.
Tip speedin
.0524ND
~fficic~cy~
ft./see.=
AR correction
CR cor~ection
CorrectedEfficiency
Ti~3LE11 (Cent.)
960.
.739
1
.995
.735
17
a
Id ctmck) thecurveinFig.7within2%.
.
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TABLE111.
StandardPropellerDesign
TypeofPropeller- wood. Finaldia.=8.26ft. AR = 7 .
Engine- J-4. Airplane- UO-1. Finalpitch=6.11ft. CR= 1.2
Approx+dia.(Fig.9)
Approx.
l-s=
Approx.
Approx.~= 88X~*~”H”
w
. .
~ (Fig.10)
VP
—/-nDll
TipSpeed= .0524ND
~-~” (Fig.7)
. .
Formfactor .
Q.HP.= ?3.HP.
C*HP.
KS (Fig.8)
.43 ‘
AR correction,
CR
CR correction,
Fig.
Fig.
x
2
3
Approx.
200
1800
120
8.2
.716
.746
8
.96
775
1.08
1
185
2.07
7
Final Approx.
#
Fiml
.
I*
l.
b
,
.
.
*
.-
.-
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K~l = Ks
N. cor. X CR cor.
N x
@LE 111(Cont.)
2.14
.71
8.25
.74
6.11
ft.
ft.
Final Apnrox.
Service
Prop.
19
Final__~
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